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The effect of water deprivation on the osmotic release of renin. The
effect of water deprivation on the osmotic release of renin was
evaluated in conscious rats previously prepared with right nephrectomy
and cannulations of left renal artery and lower abdominal aorta. The
osmotic signal was a 4-mm intrarenal infusion of 30% crystallized
bovine serum albumin. Changes in aortic plasma concentration of renin
(PRC) and total protein were followed serially. In normal hydropenic
rats an increase in PRC was not detected with the oncotic challenge.
Following a 48-hr period of water deprivation, the same external
oncotic signal increased PRC threefold above baseline within 3 mm. It
is concluded that some intrarenal functional or structural change
induced by water deprivation sensitizes the renin-secreting mechanism
to colloid osmotic stimuli. It is suggested that this change could be
related to the physical conditions of the renal interstitium.
Effet de Ia restriction hydrique sur le relargage osmotique de Ia refine.
L'effet de Ia restriction hydrique sur le relargage osmotique de rénine a
été évalué chez des rats éveillés, préalablement préparés avec une
néphrectomie droite et des canulations de l'artère rénale gauche et de
l'aorte abdominale inférieure. Le signal osmotique était une perfusion
intrarénale de 4 mm de sérum-albumine bovine cristallisée a 30%. Les
modifications des concentrations plasmatiques de rénine (PRC) aor-
tique et de protides totaux ont été suivies de facon sériée. Chez des rats
normaux hydropéniques, aucune augmentation de Ia PRC n'a été
détectée avec cette charge oncotique. Après one période de 48 heures
de restriction hydrique, Ic méme signal oncotique externe augmentait la
PRC de trois fois au-dessus de Ia valeur de base en 3 mm. II est conclu
qu'une certaine modification fonctionnelle ou structurelle intrarénale
induite par Ia restriction hydrique sensibilise Ic mécanisme de sécrétion
de Ia rénine aux stimulus osmotiques colloldaux. II est suggéré que cette
modification pourrait être reliée aux conditions physiques de l'intersti-
tium renal.
Increases in renal plasma colloid osmotic pressure lead to the
release of renin [1—3], but the mechanism involved is not well
understood. Hall and Guyton performed acute infusions of
hyperoncotic solutions into the renal artery of anesthesized
dogs and found no changes in renal perfusion pressure but
marked decreases in urine flow [1]. These investigators postu-
lated a macula densa-mediated mechanism, but a hemodynamic
one from autoregulatory vasodilatation could not be ruled out
[1]. Fray and Karuza, working in the isolated rat kidney, could
not confirm a primary role for a macula densa receptor in the
osmotic release of renin [3].
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In addition to vascular and tubular effects, the increase in
intravascular oncotic pressure during albumin infusion induces
an acute inflow of colloid-free interstitial fluid into the peritubu-
lar capillaries [4]. The volume changes in the renal interstitium
could affect intrarenal mechanisms of renin release [5].
In these experiments, we explored the possibility of changes
in renal interstitial volume influencing the osmotic release of
renin by studying the renin response induced by a strong
intrarenal osmotic stimulus in normal hydropenic and in 48-hr
water-deprived rats.
The effects of anesthesia on the renal microvasculature [61
and on the secretion of renin [7] were avoided by using
unanesthetized rats previously prepared with cannulas in the
left renal artery and lower abdominal aorta. The complicating
renin effects from the contralateral kidney were abolished by
right nephrectomy. Serial measurements of aortic plasma con-
centrations of renin and total protein and of aortic hematocrit
were performed.
Methods
Surgical procedures. We used female white rats of the
Sprague-Dawley strain that weighed between 240 and 320 g and
were purchased from Charles River Breeding Laboratories,
Wilmington, Massachusetts. All animals were fed a regular diet
of Purina Rat Chow (180 mEq Naikg, Country Best, Agway,
Inc., Syracuse, New York) and tap water ad libitum, unless
stated otherwise. Under pentobarbital anesthesia, the left renal
artery and the lower abdominal aorta were cannulated several
days before the studies were performed. The renal artery
cannula was made of PE 10 stretched to an external diameter of
approximately 180 zm at the tip. It was filled with a 0.15 M
sodium chloride solution containing 500 U/ml of heparin,
sealed, and marked with black ink at the tip. It was introduced
by way of the left common carotid artery. Through a midline
abdominal incision, the tip was directed into the proximal
portion of the left renal artery. Details of the cannulation
technique can be found elsewhere [8]. To permit repetitive
blood sampling during experiments, another plastic cannula
was introduced into the lower abdominal aorta through the left
femoral artery, using techniques similar to those described
previously [7]. The cannulas were passed through a subcutane-
ous tunnel and exteriorized at the back of the neck. In addition
to the cannulation procedures, the animals underwent right
nephrectomy. After the surgical procedures, the animals were
housed in individual metabolic cages until the day of the
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experiments, begun at approximately 9 A.M. on the 4th to 5th
day after surgery.
Experimental protocol. In the first part of the study, normal
hydropenic animals were used. Thereafter, all animals under-
went a period of 48-hr water deprivation before the experi-
ments. The experimental animals received a brief intrarenal
infusion of hyperoncotic albumin in 0.15 M sodium chloride and
the control animals received 0.15 M sodium chloride only. On
the day of the experiment, the animal was placed carefully in a
plastic laboratory cage with the cannulas extending to the
outside and allowed to rest for about 1 hr. Blood (0.8 ml) was
sampled through the aortic cannula for baseline measurements
of plasma renin (PRC) and total protein concentrations (PPC),
hematocrit, BUN, and creatinine. An intrarenal infusion of
either 30% crystallized bovine serum albumin in 0.15 M sodium
chloride diluent or diluent alone was then started. A 2.5-mi gas-
tight Hamilton syringe and a Harvard infusion pump, model
series 940, were used for the infusions. The solutions were
delivered through the renal artery cannula at a constant rate of
260 p1/mm for only 4 mm to minimize plasma volume expan-
sion. Serial sampling of 0.3 ml of blood was made at 1, 3, 5, and
10 mm after starting the intrarenal infusions for renin and
protein measurements. Hematocrit also was obtained at the
time of last sampling. All solutions infused into the renal artery
were 37 to 38°C. The volume of blood removed each time was
replaced immediately after sampling with the same volume of
blood obtained from a binephrectomized, pentobarbital-anes-
thetized donor rat. Previous studies have shown no differences
in renin secretion with repeated sampling under similar condi-
tions [7]. At the end of the experiment, the position of the
cannula tip was checked and the analyses were not performed if
found outside the renal artery.
To evaluate the influence of a 48-hr period of water depriva-
tion on the activity of the renin-angiotensin system, plasma and
renal cortical renin levels were measured in a separate group of
animals previously prepared with indwelling aortic cannulas.
Analytical procedures
Measurement of plasma renin. The micromethod used for the
determination of PRC in rat plasma by radioimmunoassay of
angiotensin I was that previously described [8]. In brief, PRC
was measured by incubating 50 p1 of plasma with a fixed, large
amount of homologous renin-substrate under conditions of
abolished activity of converting enzyme and angiotensinases.
The velocity of angiotensin I formation in the course of 2 hr was
measured by radioimmunoassay. Pooled plasma from 24-hr
nephrectomized female rats was used as a source of substrate.
This plasma had a renin substrate concentration equivalent to
2,700 ng/ml of angiotensin I. The radioimmunologicai determi-
nation of angiotensin I was performed with the angiotensin I
(Asp'-ileu5) standard, code 71/328, kindly provided by the
Medical Research Council, National Institute for Biological
Standards and Control, London, England. The final dilution of
the angiotensin I antibody used was 1:145,000. A MUNROE
computer, model 1860, was used to process the radio-
immunoassay results, using a program based on the logit-log
method for the linearization of dose-response curves [9]. Renin
concentrations were given in nanograms of angiotensin I gener-
ated by the renin in 1 ml plasma during 1 hr under our
incubation conditions.
Measurement of total renal renin content. The kidney tissue
was prepared according to the method of Peters-Haefeli [10].
Briefly, the frozen kidneys were allowed to thaw at room
temperature, 200 mg of cortical tissue were taken from each
kidney and sonicated in a tube containing 1.8 ml of iced distilled
water. The pH was dropped from 6.8 to 2.0 by the addition of 40
p1 of 2 N sulfuric acid, and the sonicated mixture was allowed to
stay on ice for 30 mm. The pH was brought back to 6.8 by
adding 40 p1 of 2 N sodium hydroxide, and the mixture was
centrifuged at x 1,000 g for 20 mm. The supernatant was diluted
500 times with 0.133 M phosphate buffer solution, pH 6.5. A
sample of 50 pi was taken for the enzymatic reaction, as for the
measurement of plasma renin above described.
Plasma protein concentration was measured by the method of
Bradford [111, using human albumin standard. Kinetic assays
were used for the measurement of plasma urea nitrogen [12] and
plasma creatinine [13].
Statistical significance. The paired t test was used to evaluate
statistical significance between control and experimental val-
ues. The Student's t test was used to determine statistical
significance between groups. Results are expressed as
mean 1 SEM.
Results
Renal artery cannulation and renal function. Of the 24
animals studied, only in two was the tip of the renal artery
cannula found in the abdominal aorta. In spite of all efforts to
avoid them, small renal infarctions were seen in about 20% of
the animals, possibly as a result of microthrombi from the
cannula tip. Kidney function of these animals, evaluated by the
plasma concentrations of urea nitrogen and creatinine, was
normal and basal PRC was similar to that of rats without
infarctions. Since control and experimental animals were affect-
ed equally and the renin response was not different from
uninfarcted animals, they were included in these studies. In
normal hydropenic animals, the average concentrations for
plasma urea nitrogen and creatinine before the intrarenal infu-
sions were 18 2 and 0.9 0.1 mg/dl, respectively, for those
infused with albumin and 19 2 and 0.8 0.1 mg/dl for those
infused with sodium chloride. Similar values were obtained in
48-hr water-deprived rats.
Renin response to hyperoncotic albumin in normal hydro-
penic rats. (Fig. 1). Mean systemic plasma protein concentra-
tion increased from 6.5 0.2 to 7.0 0.2 mg/dl (P < 0.001)
within 1 mm of intrarenal hyperoncotic albumin infusion. It
increased further to 8.1 0.4 mg/dl within 3 mm and was still
elevated (7.1 0.3 mg/dl, P < 0.05) 6 mm after the infusion
was discontinued. Aortic levels of PRC were unchanged by the
oncotic signal and did not differ from those of control animals
infused with 0.9% sodium chloride. At 10 mm after onset of the
hyperoncotic albumin infusion, an 8% fall (P < 0.001) in aortic
hematocrit was found. No changes in PRC, PPC, or hematocrit
were seen in sodium chloride-infused animals.
Renin studies in 48-hr water-deprived rats
(1) Renin effects of 48-hr water deprivation (Table 1). The
challenge imposed on the renin system by a period of 48-hr
water deprivation was evaluated in a separate group of six
animals. Basal aortic PRC increased about threefold
(P < 0.01), but renal renin content was unchanged. Similarly,
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Normal hydropenia 7.6 0.4a 50.9 9.4
48-hr water deprivation 21.5 3.2h 50.4 + 8.1
a The values are means SEM of a total of 18 samplings taken daily
from a group of 6 animals over a period of 48 hr.
b p < 0.01, in relation to normal hydropenic values.
the mean basal PRC of all 48-hr water-deprived rats studied was
17.3 1.3 ng AI/ml/hr, significantly higher (P < 0.001) than
that of all normal hydropenic animals (7.0 0.8 ng A1/ml/hr).
(2) Renin response to hyperoncotic albumin (Fig. 2). Three
minutes after onset of the intrarenal hyperoncotic albumin
infusion, an over twofold increase in PRC was found
(16.2 2.2, at 0 time; 35.3 6.1 ng Al/mi/hr at 3 mm,
P < 0.02). One minute after the albumin infusion was discontin-
ued, PRC was still significantly elevated. Over the ensuing 5
mm it decreased to levels the same as those before infusion. No
PRC changes were seen in control animals injected with 0.9%
sodium chloride. Plasma protein concentration reached levels
higher than those achieved by normal hydropenic animals
(9.0 0.3 vs. 8.1 0.4 mg/dl, P < 0.05, at 3 mm). There was a
9% fall in hematocrit 10 mm after unset of the hyperoncotic
albumin infusion. A 7% fall in hematocrit was also seen in the
control animals infused with sodium chloride, hut no changes in
protein concentration were found.
Discussion
At least two conditions are required in a study of renin effects
of hyperoncotic albumin in the living animal. First, the albumin
solution should be infused in high concentration directly into
the renal artery for a short period of time to avoid effects of
volume expansion. Second, the animal should he in the con-
scious state to avoid anesthetic effects on the renal vasculature
[6] and the release of renin [7]. Both conditions were met in
these experiments.
Previous studies in the rat have shown that renal blood flow is
not appreciably affected by the presence of a number 30-gauge
needle in the initial portion of the left renal artery [141.
Therefore, the external diameter of the plastic microcannula
used was kept under that of a number 30-gauge needle. Under
these conditions, the highest albumin concentration that could
flow freely through the cannula lumen was 30 g/di, the one used
in these experiments.
Chronic cannulas in the renal vein of the rat are difficult to
maintain in good function. This limitation prevents the mea-
surement of renin secretion rates in the conscious animal.
Plasma renin concentrations must be measured instead. Fortu-
nately, the circulating pool of renin is very small and in rats
under basal conditions it is secreted and degraded every 5 mm
[10, 151. Hence, with a circulation time of 6 to 8 sec [161, and
under our assay conditions, doubling of basal renin secretion
rate should affect PRC significantly within 2 mm.
Despite a strong osmotic stimulus, the PRC changes in
normohydropenic animals were minimal and indistinguishable
from those of saline-infused animals. This lack of PRC rise does
not mean necessarily thai renin secretion rate was not in-
Time, rn/n
Fig. 1. Effct of 4-mm renal artery infusions of hyperoncotic albumin(solid lines) and isotonic saline (dashed lines) on aorric plasma renin
concentration (PRC, ng A1/ml/hr), aortic plasma protein concentration
(PPC, mg/c/I), and aorlic hematocrit (Hct, %). Data were obtained from
normal, hydropenic rats with a right nephrectomy. Symbol: t,
P < 0.01.
creased. The concomitant increase in plasma volume by the
osmotic Donnan effects of infused albumin may have masked
small rises in PRC. The finding by Hall and Guyton in the
anesthetized dog of an increased renin activity in renal venous
but not in peripheral plasma during intrarenal infusion of an
albumin solution (25 g/dl) adds support to this possibility [1].
The lack of appreciable PRC response to intrarenal hyperon-
cotic albumin infusions by normohydrated rats contrasts sharp-
ly with the brisk increase seen after a 48-hr period of water
deprivation. In the dog, this dehydration period does not
decrease renal blood flow which is maintained constant by
autoregulatory mechanisms [17]. If this is true for the rat, the
rate of increase of the osmotic stimulus should have been
similar in the normohydrated and dehydrated animals. By the
end of the albumin infusions, however, the osmotic stimulus
may have been stronger in the dehydrated animals since sys-
temic plasma protein concentrations were higher. Given the
characteristics of the renin release mechanism, it seems unlike-
ly, nevertheless, that the dissimilar PRC response could he
explained solely by a difference in the magnitude of the external
stimulus.
The basal PRC of water-deprived rats was two to three times
higher than that of normohydrated counterparts, a change not
entirely explainable by a 20 to 30% contraction in plasma
volume [18]. Since total renal renin content is unchanged and
plasma renin substrate levels are not increased by dehydration
Table 1. Changes in circulating and renal renin induced by a 48-hr
period of water deprivation in rats (N = 6: wt 211 to 236 g)
Basal plasma renin concentration
ng Al/mi/hr
Total renal renin content
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Fig. 2. Explanation as in Figure 1. Data were obtained in 48-hr water-
deprived rats with a right nephrectomy. Symbols: *, P < 0.05; t,
P <0.01.
[19, 20], the higher PRC must be a reflection of a primary
increase in release rate. The basic cause underlying this rate
increase has not been elucidated but studies in conscious sheep
have suggested that a primary intrarenal factor is involved [19].
It is unclear whether and in what way this factor participates in
the enhanced renin sensitivity to osmotic stimuli.
These studies have shown that a 48-hr period of water
deprivation makes the renin releasing structures of conscious
rats very sensitive to an acute intrarenal infusion of hyperoncot-
ic albumin. They give no information on the mechanism respon-
sible for this sensitivity. Since a primary intrarenal change of
water deprivation is a decrease in renal interstitial volume and
pressure [4, 21, 22], it is conceivable that the physical condi-
tions of the renal interstitial space are important determinants in
the osmotic release of renin. Other alternative explanations
cannot be dismissed.
New experiments where actual interstitial volume and pres-
sure changes can be recorded must be designed to directly
evaluate the above hypothesis. These experiments must be
performed under in vivo conditions and not in isolated kidneys
to avoid alterations of the physiologic state of the renal intersti-
tium by artificial perfusion systems [23].
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